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ADYA¥CE RESTRICTED RIPORT

THE' LOWGITUD INAL STABILITY CF FLYING BOATS AS

DETERMINED BY TESTS OF MODZLS IN TEE NACA TANK

II — EFTECT OF VARIATIONS IN TFORIl OF EULL

C LONGITUDINAL STABILITY

By Starr Truscott and Roland E, Oloon
SUMMARY

Results of investigations of the longituldinal-—astadility
characterintics of soveral modele are considered in an at—
tompt to arrive at genernl conclusions ao to the effocts of
varintions in the form of hull on these charscteristics,
Data ure used from tests at constant osroed, establiching the
trim limits of atability; from tests at accelerated speeds,
ostabliching tho linite for stable ponitions of the cantoer

‘of gravity} and from tosts at dscslerated speeds, establioh—
ing tlie landing olharasteristica, Tho conclusions drawn are
not neconsarily final dut ¢the available informntion indicabes
cortain t:urdc that aro offored as n guido to future tosts
and dosien, ;

Tho lower trim limit of atability is not appreciably
afrfscted by ohangos in position of contor of gravity, posi—
tion of step, »loan form of wtep, dopth of mtop, anglu of
aftorbody keol, and length of aftorbody, .4 roduction in thke
angle of doad rise dacroasos this 1limit to lowor trime, An
incronse in grocs weight raises this 1limit to higher trims,

The upper trim limits of stability aro not mpprecicbly
affocted by a chango in position of center cf gsravity, Hov—
inz tho step aft appears t¢ raise the limits slightly, Those
linite are raised to higher trims by an incroase in gross
veight, an ivcrcase in dopth of ntep, an incroase in angle
of aftorbody keel, a ducrsaso in lensth sf afterdvody, and
by vontilation of a ohallow step. Thuso limits are changod
by a variation in tlo plan form cf tho stop in proportion to
the chengos in tho offoctive depth of step and tho offcctivo
position of tho step.
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Instability in landing at high trims is reducod or
1 1at e ither by incroasing the depth of step or by
ventilating the step, A depth of stop of the order of
porcent of ti boanm has beon found nocessary. Large ve i
lation ducts located near the keel and just aft of the ste
aro effcctive, but ventilation ducts near tlhie chine are 1
effective, With a depth of step of 5S.5~percent beam, tho
landing instability of ono modsl wvas not eliminated by vary-
ing ¢ ngle of afterbody kXeel from 4° to 8.5° and increas—
ing tho length of aftsrbody from 161 to 311 percent of th
boaine
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INTRODUCTION

Soveral models of flying boats have boen investigated
at tho HACA tank in an effort to determine thoir longitudinal-—
8tability characteristics, Part I (rofercnco 1) of this ro-
port describos the mctheds that have boor used at the tank,
The models usually represented spocific designs ; generally
oithor the full—size airplane had been built or the construc—
ticn was at an advanced stage boforo tests of the model wero
requested, The possible modifications were, therofore,
linited to small changoe thut wero expectod to improve the
stabllity characteristics without approciably altering the
existing dosign,

Wit! ich an spnroach to the problom of longitudinal

etability, the grcater part of the rescarch has consistod

of a number of unrolatoed tosts, cach of which was made for
tho spccific purposo of lamproving tho stability of a partic—
wlar designe The invostigntions havo been restricted to tho
osAontials because of the limitcd time that could be allottod
to aay single test, A complste study of the sffects of all
the noalfications was therefere impossille, znd in many in-—
tances tho data zre incomplets. Hepetition during the sev—
ral tests hus been large, and the centridution of any eiagle
Yest to thro general problem has cften bYeen small,




A study of these -oets has boon mado for the wurposo
of detormining what gencral conclusions may bo drawn from
them as to tho offocts of variations in tho fora: of tho hull
on tho porpoising charactoristics of tho coaploto modols In
souc instancos tho date aro meager and tho conclusions arc
rot ncccssarily finale. All thosc tosts havo becen made with—
out nowcrod propcllors.

DATA

Wherover possiblo, the data on which the conclusions
of thiis report aro based ure presented in the form of curves.
Theso curves, in turn, are based diroctly on data obtainod from
tests of a nuudber of different modols and r»represont what aro
believod to ho the ost relisble data obtaired from thoeso
toecte,

Tho stability charmcteristics of thes different models
are not comupnred becnuse they generally represent entirely
differont Aesigna £nd the nsrodynamic characteristics of
most of tho models were not dectermined, Jderodyn~mic tests
nlso shor n large scnle effect ns evidencod Dy decroasad
angle of strll, Sinco the nerodyn~mic 1ift cnnnot be pre—
dicted with any dcgzree of nccuracy, the lo~d on tho water
at any particular spoed cannot bs determined with sufficient
precision to justify conclusionn ~s to tho relntive merits
of the sovernl niodels, Jlerodyn-mic intn nre nov boinz dater—
rnined for onch mzodel as 2 rovtine nortion of thn tes% program,

TRIK LINITS OF STABILITY

The trim limits of stability aro definod as the trims
that separato the stable range of trims from the unstadle
ranz0es Thcae limits are determined by varying the trim at
conatant speed und obdserving the trim at which porpoising
first oppears., This rrocedure is descrided in detail in
rcferonce 1.

Throe trim limits of stadbility oxist for modols of con—
ventional flying boats. The lowor trim limit of stadility,
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whero

Ao initial load on vator, gross load, pounds

b maxipum beam of medel, feot

w spocific weilght of water, pounds per cubic foot

At high speeds the lower limits tend te convergo and
tho change in limit with load 1s loss maried, Tho curvos
of figure 1, which show the lower limits Ter sovcral valucs
of the gross welght, actually cross and a discentinuity or
sudden decrease in trim occurs, The afterbody interference
apparently has scme influence en the lower limit .at these
spoeds,

The upper limit, increasing tria, is raiscd as the
grosos wolght is incressed and the speed at which it is first
cbtainsd 1s nlsec iucreoased, The upper limit could be obtmined
at lower speeds by aprlying external moments or by changing
the pesition of the center of gravityes This information would
be more acadomic than practicals The pltching noments used

for thoso tests include the maximum that can be obtained {rom
the tail group a2t positiens of the center of gravity used in
flight,

It has beon obsorved that tho upper limit 1s raisocd as
the load is iacroasod. If afterbody clearanco is a factor
upon vhich the pesitien of the upper limit depcnds, then
this limit would prodably bo raisodl becausc tho depth ef the
wako is zroator at tho heavior loads. Higher trims aro thore-
fore necessary to estadlish a flow over tkhe aftorbody compa=
rablo witi: that at ligzht loads., The precblem ef efterbdody
clearance will be further considered in connection with the
effocts of depth of step, ventilation, longth of afterbody,
and angle of afterbody kosle The availadle datu appear to
indicate that the uiper limit, deocrcasing trim, is raised
as tle lozd is incronsed, Many incecusisterncices are found
that are aninly due teo the difficulty in obtaining this
limit, (Sco reference l.) With heavier loads, the porpois—
ing arpears to be more viclont and difficnlt teo control,

In a perallel investigation conducted at Stevens In—
stitute of Technology with a 1/50-size model, the sane
¢sneral trends wero observed, “ut actual values and detalls
of behavior wero different from those obtained in the NACA

tank whea a 1/10—5150 nodel of the rame flying boat was
testad,
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with incronso in dopth of etop, In figuro 8 the upper linit,
increasiny trim, at a load of CAO = 0,97 and with tho doop

eton coald not be odtuined with tha availadle control mouent,

Tho afterbody clearance appears to be tho important
foature of thu plaaing dottom that affecte the upper limit,
Tho incronsed depth of step rairos the whole ulfterbody and
providos more clearance and batter ventilatlion of the stop.

The trende produced by incroaging the donth of stop aro
gonarzlly subatantiated by tho results of similur teets that
have boen made in the saall tank at Stevene Institute of
Taechnology.

Effoct o7 change in positior of etope—= Trim limits of
stubilify obtaincd ier dirfcront ponitions of tho main stop
ero shown in Figures 9 and 10, Tho nmodifications shown in
fimure 2 iuvalvo no chaugo in depth of stop as tho transvorso
stop 1s movoed§ wharoae that shown In fizuro 10 producod an
increaso in dopth of etop of 3,3-porcent lLeaa.

Changing the position of the ster cnusod only srmell and
inconsiatent changes in tie lower linit at intormediate »lan—
inr mpealo, @Greater dirferencos, without defiiite ordor,
were found at high cpeeds, but these diircroncee may be gon—
erally attributed to chanses in emoothnoss of the forobody
planing nurfacea, Ko avpreciadlo difforonce in tho lower
1init at intormedinto espoeds 12 to Vo oxpocted, inasmuch =as
the moial 13 planins on the Jorebody and osuy clhango in the
pozition of the step 1s similar in offoct to an oppesito
chango in tho position or tho centor of gravity. Olange
in tlho aftarvody interfercnco with chango in tho poeition of
thy sntop mey linvo a omall of”cect on the lowor limit at high
Bpou0B,

Tho rooultes shown 1 figurc 9 irdicato thet the upper
linits arc raluod am tho etop is moved afte This indication
ia not canclunivo, irasauch 218 sozo discropancics appoar for
the loade ehaown in tho Tiguro and Tor other loads that woro
tavestigzatod Lut not i1acludod in thie report.

Changaw in tho position of tho stor chango tho hydro—
dynnniec momonts, vhieh, ir tuern, cherngo the rengo of trims
that s ba elitalnoed with tho aveallablo nsorodynamic control
waaent, The ehango ia hydrodynamic momont is moro important
tiva eay swall dirforoncos in trim limits, This offoet will
he soneldeprad Jurthor in councction with tio dcteraination of




the proper location of the sten» by teste in which accolerated
runs are used,

Effect of chuze in plan vorm of stsp,— When the plan
form of the stop 18 changed, coth the position and the depth
of stop are chenged, The effects of thase changss must be
considercd in detsrmining tho relativo aecrits of any partic—
ular plan fora, Data showing the offect of modifications of
the plan form of tias step on tho trim liaits of stabllity
aro included in figures 9 to 13, Theso modifications of tho
plun form include transvoerese, Vee, notched, swallow—-tall,
curvod, and breaker stops.

Within the limite of eccuracy of thoso teate, tho lower
linit of atability 1s unchanged by a change in the plaa form
of tho otep. ©Small differoncos occur near hump speeds when
the afterbody comes clear and agala at :igh snocds whoro tho
apray striking tho aftervody ir changed by the rodirioed atopo.

Data regardin: the upper limits are incouploto, In
fizure 9, tho uppor limits obtalned with the curved steps aro
higher tiian those ovtained with tho transverse stops. The
fact that the curveld stsp 1s also effectively farther aft
than are the tranaverse steps may partly explain the iacroase
in tho trim limit, The data rolativo to tho upper limits,
showyn in figuros 10 and 11 for notchaed and swnllow—tail stops,
aro incouplste; dut the runeral conclusion 1a that the in~
provomont noted in the bdehavior duridugs talko—of{ and landing
may bo attributed tov tho incroasc in thu copth of stop rathor
than to a change in the plan Tora,

The data for the uppor 1limit, shown in figure 12, areo
not consirtent and repreaent the early arforts at investi-
gatlng this limit,

Effoct of ventilation.,~ Obssrvations of the flow of
wator at the wanin otep ouring Ligh—angle (wppor~limnit) por~
polsing indicate that during a part of the cycle the water
coupletely soemls the step and actually wets the aftorbdody
Just beiriand the step, Ovservations of tho flow of water
beiriind tho step and of the rodvction in violonco of nppor—
linlt pornoising with iacrcaso in dcepth of stom indicatoe
that &« vontilation of the stop vould Lo bonoficisl, iicacurc—
mcnts of tho preesurc bohrind the step during upper—linit
porpoeising show that a dufinitc nogntive prcoouro is do-—-
volopcd,




In order to improve thc stability at high trims and
Lish speods, vuntilaticn of the main step has been invosti—
gnteds The forebody and aftorbody of a model having parti—
culsrly bad landing 'characteristics were separated at tho
sten in ordor to allow air to flow under tho afterbody from
tho interior of the model, The width of this slot was varioed
und difforent parts of the slot vere senled at the afterbody
bottou during the tests. The trim limits, with a 1/2-inch
vont oxtending over the beam of the model, are shown in fig-
ure 14, Ventilation has small offect on tho lower limit}
the upper limits aro not only raised to higher trims dut
also ¢o not appear until highor speeds are roachod,

This investigation was extonded by a series of simulatod
takoe—-offs and landings, Thoso tests show that the sudden in—
creaso in tria of the original modol at tako—off and tho sub—
sequcht sikipping on landing aro oliminatod by »ropor vonti-—
lation,

Ventilation by ncans of an =iy duct in the form of a
1/4—~inch clot butwoon tho forebody and tho aftorbody roducod
thc instability on landing but did not climinato it. With
a 1/2~inch slot, the model took off with no increase in trim
and lanéod vwith neithor porpoising nor skipping. This im—
provonent indicates that tho 1/4—1nch slot d4id not provide
sufficiont ventilation completoly to eliminato instadbility.
Slots 1/2 inch wide ané extending 1/4 boau in from each chine
wore inoffective, but similar ventilation over the center
nortioa of the beam was almost as effectivo in the elimina—
tion of tho instability in landiang as ventilation over the
ontiro beas of the model,

The effect of ventilation on theé trim linits of anotaer
model is shuwn in figure 15, JFor thie model the upper linmit,
inovensing trin, appenrod .at a higher speed with ventilation,
but otherwise the limit was not appreciably changed. The
dlower branch of the upper limit (decreasing trim) was slightly
raised. The chief offect noted vas a dofinite decrease in
the violenco of the mnorvoising. The tendency of the model
to increanco trin on take—off and to porpolso or skip on land-
ing at high trins vas roduced by ventilation,

Yorntilation of tho stop of two other models that had
dofinite instadility charaotoristios on landing was un—
succcenoful, Ventilation Tfor the first of thoso modols
wan suppliod through oight 1/2—inch—dimuotcr holos located
on tho virtical surfacc of the stop., Those holos oponcd
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would be exrected, the effect of a change in the angle

of aftervody kcel on the lower limit of stablility is
regligivles, Increasing the angle of afterbody keel in-
crezses the afterbody oclearance snd raises the upper

limits of establlity. The vialence of the porpoising 1is

not appreciably changed with thae greater angles of after-
body keel. With the righest angle of afterbody keel (fig.
19), the motion is almost cntirely vertiecanl with negligidle
chznge in piteh,

Effcet of rngle of dead rise.~ A thooretical and
exporimental deterumination of tho offect of the angle of
dead riso of a planing surface on tho lower limit of sta-
bility has boen mado. The couputed and the experimental
values for the lower limit arc both decroased with a do-
ereese in thoe anglo of dead riso. (Sve reforonco 3.)

Further rosearch is nccessary in order to detormino
the effoet of this variable on the upper tria limits,

Effact of pointed step.~ Lower-limit porpoising is
attributed to the chrracter of the flow over the forebody
or single rlaning surface. Upper-limit porpoising is at-
tridbnted to tlhe character of the flow over the forebody
and ~ftarbodyr rnd is present only hen two or moro planing
surfaces are used.

In an effort to e¢liminate the upper trim limits of
stability c¢r to reduce the possibilities of having high-
aizle porpoising oceour, tests were made of & model vith
pointed forehody similar to tint uwsed ia the HACA model
35 aerios (referenco 4).

The first teets were made with tandem plenins sur-
facos simulating tlie planing bottom for a flying boat.
Thuse tests worc discontinued becaunse the porpoising
motion was so violent thnt this particular model was con-
sidered impracticadle.

Farther tests were mede by use of a model of conven-
tiorel nirplenc wit) transverse step cnd of the same
nadel with poiatcd step. The curves showing tno trim
lirnits of stability of Doth models are shown ir figure 20,
At constart spoeds the nodel with the pointod step is,
in generrl, morc unstadle thrn tho model with the trans-
vorse stop. Th aratien Yetweon tha upnpar and lower
limits is roduced. The tendency to ski n lending was

liminated, however, by t use of & ointoa stepe.

-




Misccllanooue modificntions.- In addition to the
changes nreviously mentiored, a number of other modifica~
tiorns have been tried, such ae breaker stepe, fairinge-
bahind ths main step, ead spray strips, - The improvements,
if any, neave been negligible and generally the tests have
been discontinusd without obtaining complete data,

LIMITS TOR TRAVEL OF THI CENTER OF GRAVITY

The rositions of the center of gravity at which the
model is etablo during acceloration are determined by the
method of acceleratod runs. This mothod was descridoed
bricfly in rauference 1, but the detaile of tho method and
the use of thu dats wore emitted. (See auleo referwnce 5,.)

Accoleratcd runs nre zado, with various settings of
the elevators, aud the trims and tihe amplituies of porpois-
ing are noted, Thls procedure is repented for succeesive
forvard #nd after yositione of the center of gravity until
the positione at wiilch porpoising occure are dstermined.
Typical test results nre yresented in figures 21 and 22,
Trim is plotted azainst speod for sevsral loads at joeitions
of the center of h;.vitv ranging from forwerd poeitions at
which porpoising took place to after poeitiono at which
porpoising occurred,

The porvoising observed cduring these acceleratod runs
is aesociated with the trim limits obtained at coaetant
epeed. As the center of gravity is moved forward, the
free~=to-trim attitnudes are decreased beceuse of the more
nogetive hydrodyramic trimming monente. forward poei-
tion of the centor of sravity is fingllr obteined that
causes this trim (~ith neutral slevetors) to paess below
the lower trim linit of stability, and porpoieing occure,
This result is shown in fisuro 23, whare the data obtained
at severel positiuns of the center of greavity are super=-
imposed on the curves slhowing tho trim limits of stability.
With the cauter 07 sravity at 28 percout mear serodynanmic
cliiord, tio free-to~trim curvo with noutral clevators fells
batwe2n tho wpper and lover trim limits of stebility. With
the ccnter of zravity nt 24 percent mesn aorocdynamic chora,
howevar, the froec-tc-trim curve with elevators noutral
crosecs thu lewor trin limit of stedility., Porpoising at
f rw\rd posltions of the conter of vrnvit; ie therefore

ocinted with lrwer-limit worp-ising Tho mction 1ie
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mrinly an asscillstion in pitch ~nd gonerally reaches na
mexinum and thon dcercneoce with furthor increesse in
spood, The vidlence 32 porpoising incronees slowly .with
furthecr forwnrd movement of the center of gravity.

As the center of gravity 1s moved aft, the free-to~
trim sttitudes are increaesd bdecause of the more positive
hrdrod;nanic trinming mements. An after limiting position
of the ceater of gravity is finally obtained that causee
the trim (with up elevators) to crose the upper trim limit
of stability, end poryolsing occurs. This effect is shown
in figure 23 with the center of gravity at 32 percent mean
aorodynamic chord and full-up elevators, Porpoising at
efter positions of the center of gravity, therefore, le
assoclated with upper-limit porpoleing. A emall change
in the ofter position of the conter of gravity may produce
violent porpoising., The motion is principally in rise and
the auplitude generally incronses with increamaee in epeocd,
This motion is cnlled diverzunt porpoising, as opposed to
the convergent porpolslug oncouatered at forward positions
of the center of gravity.

The maximunm nmplitude of porpolsing, one of the prin-
cipnl measurce of violence, le dsterained from plota almilar

to thoso shown in figuroe 22 and 23 and is plotted against
position of tho center of gravity as ehowa in figzures 24(2),
24(v), 25(a), ~nd 23(a). From theso curves tho range of
positions of the cunter of zravity that are stable may bo
doterninod,

When the range of etzble positions for the center of
sravity 1s doternminred, the following aseumptions 2 re made:

le Tre maxinum permlissible amplitude of porpoleing
is no greater than 2°, (See roferenco 5.) This amount
ot oorroising would not bs considered dangsrous from con-
slderations of either control of the airplane or forcae
on tho structure of the hull,

2. ZThe range 18 dotermin:d from a conditlon of neu-
trel clevators at forward positions of the centor of grav-
ity to full-up clevators at after positlons., This pro=-
codure prooupposcs a recovery rrom a porpoisiang condition
by 1ncrzeeling the olevator defluction ~nt forward positlions
and docrosasing the oluvator deflection at after positions.
On the basis of theosc resumptions the rronge of travel of
the contor of gravity 1s plotted ngainst lond in figuros
24(o), 25(v), and 26(b),







Effoct of depth of step.- The results of tosts in
which thc dopth of stop was varled, the samec position of

the stop being maintainsd, are plotted in figuroe 25. and
27, An incrcaso in dopth of stop from 3,6=porcont beam to
€.8=porcant boam (fig. 25) producod a maximum sghift of less
then 3 porcont mean acrodynamic chord in the forward limit
of tho conter of gravity, Tho limit for tho decpost step
lios botwocn that for tho intormediato and shallow step,.
Figure 27 shows no appreciablo chango in this limit. Tho
faot that no approcinble or consietont variantion with depth
of step was obtninod indicates that, within tho accuracy of
those tosts, the¢ forward limit for stablo positions of tho
conter of gravity was unohanged,

The aftor linmiting poesitiorn of the conter of gravity
(fig. 25) wns cousistontly m:ved forward with incroase in
depth of step, 7The maximun change was, howvever, lese than
2 parcent mean nesrodynamic chord, Figure 27 indicates no
definite movement of the limit within the accuracy of the
tests, The effect of variation in depth of step on the
aftor limiting position of the center of gravity may there-

foro be considored as small,

The fact that porpoising at high trim is more easily
controlled with tho deepor etops does not appoar in the
detn but reprasonts tho roesctions of tho operator control=-
ling the model,

Effeot 07 chanse in yosition of Btepe~ The effect of
moving the step 1s siown In figuros 24(c) and 26, Moving
the position of a 30° Vee step (fiz. 24(c)) aft by 0,75
ineh (2.1 psrcont M.A.,C.) movod both the forward and efter
lizite for travel of the center of gravity aft by nmpproxi=
mately 3 percant mean aerodynamic chord, Moving the 30°
Yoe step (fig., 26(b)) aft by 1.33 inch (6.4 percent MyA.C.)
moved the forward iimit approxirately 7 parcont mean aero=-
dynemiec chord in tho same dirootion. Tho after limit was
not obtalned for thils model, inasmuch as it appeared to be
beyond i renge for nractlenl operation,

When conventional nodifications of the step are used
with conventionnl dopths of step, the following conclusions
may bu drawn, Chauglng tho poeition of the step chengos
tho forward and after liniting positions for the contor of
grovity by as approximatoly equal amount in the same diroection,
By thils method of tusting, a position of the step may bo
doturmined th t will makoe tuv hydrodynamle requirenents for
tho position of tha centor of gravity coincildont with tho
warodynaule roquiruments,




Effect of change in plen form of step.- The plan
form of the etep has been altered for several models.

When the plan form of the step is changed, both the effec~
tive depth and the effoctive position of the step are
varied, It 1s therefore desirable to establish some
eritecrion for locating the  position of the stop when the
plan form is changed.

The forward end after limiting positions of the cen~
tor of gravity of & modol with n transvorso stop, a 20°
Voo stepy, and a 30° Vco stop are shown in figuros 26(c)
ond 26(b)., Tho transvorsc stecp is located at tho midpoint
of tho altitudc of tho trinnglo formod by the 30° Voo stop.
Tho 20° and 30° Vee steps coincide at the chine, If it
is nssumed that the 20° Voe step is the basic step, the
following table may be.couplled:

Hovorent of Lovement of Hovomont Hovement
necan, aft centroid, aft jof forward | of aftor
i ] limit linit Testod
(in.) {{porcent {{in.) {(pcrcent l(npereent (pcrecnt | 1941
H.4.C.) 1:.4.C.) | i.4.C.) - K.4.C0)

-0 0 0 0 July

10 8 5 June

9
Y 2} 1% Fob.
6 2} ¥ob.

“y T 1.28

The agroement betwoen the movement Qf oither the
controld of the stop or tho mean poasition of tho stop and
the change in position of the limits for stable positions
of the center of grrvity is not ontirolr satisfactory.
Prodiotions mado on tho basis of tho position of the con-
troid of the stop, however, givo moro noarly the corroct
positios for the limits than predictions made on the basis
of tho position »f the stop 't tha chine, tho intorsoction
of tho s top and thc kool, or tho moan position of tho stop.
Rosults cf tosts 722 & modol with a 30° Voe stop and with a
traneverso stop licated at thoe centreld of the 302 Voo stop
aro shown in tigurc 27. 7Tho movomont of the limits for
travol of tho stablo positions of the centor of gravity wes
found to be small whon the stop was chrnged from o 30° Vee
step to a transverso stop.
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of stop of 10.5~porcent berm at tho kecl ~nd 8.0-porcont
benm at the ccntroid. Tho landing specds of this modol
woro vory highe Two othor models with transverso stcps
ware found to be highly uastableo in landing at high trims,
Thecso models were improvod by incrensing tho depth of stop
from 5,0-percont be~m to 8.2=-perccnt boam and from 6,5~
percont baem to 8.2-percent boan.

Although it is impossible to establish dsfinitely the
depth of step necsssary to insure stability in landing, it
is svident that grsater depths than have been generally
used on conventional airplanes.vill be necessary.

The offects of ventilation have already been consid=
erod under the results of constant-speed tosts., Ventilation
definitely hnas improved the landing charactoristics of two
modals testod in the WACA tank, Tho amount of vontiletion
required is zreater than has been gensrally considered
necessary for reducing resistance at low spesds. Ventila-
tions should be applied over thse center section of the
bottom of the mcdel Just abeft the step and the ducts
should be &s clcse to the kesl as possible,

Landing instability of a model having a depth of
step of S5.5=percent beam end an sngle cf afterdbody. keol
of 5.5° was not oliminatsd by decrenaing tho length of
tho afterbody from 3ll-percent bcam to l6l=-percent boam,
With o dopth of step of S.b-percent becam and a length of
afterbody of 26l-percent beam, the landing instability
was not oliminated by incrcasing tho angle of aftorbody
kcol from 4,0° to 8,59,

Thoe lendiag charactoristics of ore modol worc im-
provcd by tho uso of n pointod step, tut the rango of
stuble trims whilo th: model was on the wrntor was groatly
roduccd,.

CONCLUDIFG RAUARKS

In ordsr to obtain complete information as to the
longitudinal~-stability characteristics of a dynamic model
of a flylug boat as a baais for considsring the advantages
of modifications, tests should be mnde (1) at constant
gpesda, to determine the trim limits of stability; (2) at
accolerated spscis, to locets the position of the step and
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obsorve goxe-0fi chnrncteriatics; ana {(3) nt daceleratod
gpee’ds LT simalnto ipndinge and ebsaerve ekipping ehnracter
1gticss %

{Until moTo dotn ore avntlable and furtheT refinomcnts
are mede iu the methods of ebtaining this data, the follow~
ing conclunions are offered o8 a guide for future tests

and desigas.

1l Ivcreantrg the groee waight ralsef all the trim
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6, Altering tho plan form of the step hes n nogligidle
effcet on the lower limit of stadbility., The upver limits
rre probadly changed wus the cffoctivo depth of step is
iaervnscd or deecroasod. The range of stadbls positions of
tne centsr of gravity i1e shiftsd a distance approximately
equal to the change 1n the positlion of the centrold of ths
ster.

6. Ventllatlion of a shallov step doss not change ths
lowsr trim i1imit of stability dbut raises the uppsr trim
limits., Ventil-tion reducsss ths tendenecy to increases trim
on tankc=off and rsdueces landing instavbility. Ventilation
1s moro cffective when zpplied neamr the ka2el than at the
chincs. Larger vortilation ducts aro required thaa haveo
buen consldecred nocossary for reducing the resistenca nt
low spueds.

7. Tarying the length e¢f the aftorbody has a negli-
glble e¢ffoet on ths lower trim liumilt of stability., The
upper limlts are raised as the atervody length 1s de-
ereassds. Tis avalladle information 1nadicates that sta—
bility during take—of: 1s increased By lenzthening the
aftervody., The range of stadble positions for tio ecenter
of grivity of one model was 1lncreased vhen the length
of afterbody was incrcassd from lfl-percent to 195-
percent boam, In these tests not only was tho length of
nftorvody incrensed but thae chinc flaro on tho arterdody
was rcmovod, With a dcpth of step of B,5-percent bsam
and ~n angloe of afterdody kool of 5.5°. instability in
landing wne prosent for lengths of aftcrbody from 161 to
311 perceat of tha deanm. ‘

8, Charging tho angls of afterbody keel has no
definite s’fect on the lower trim limit of stabillity.
The upner trim limits are ralseil as the angle of after-
body kcel 1s ineresssd, With a depth of stsp of 5,5-
porecat baam eand an afterbody length of 28l-percent deam,
instability in landing was pressnt for angles of after-
body keel from 4,0° to 6.5°%,

9. Decreasing the angle of dend rise of n planing
surfacc docrorsos tha lower trim limit of stabllity,

10, Tho addition of a vointed step decreases the
range of stable trims bet'reen the upper and lower trim
imits cf stadllity, The lewer trim limit, at inter-
mediate planin: speeds, is ralsei when the transvsrse
step is repleced by a polnted step. o instability was
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prosent durlng lerndings at high trims, but the possibil-
ity of porpolsing during the deccloration while the model
i3 on tho water 1s great. .

Langley Momorial Asronautical lLaboratory,
Hetionnl Advizor; Committec for Acroncutics,
Loangloy ¥Ficld, ve,
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Figure 8.- Effect of depth of step on trim limits of stability.
Model 2, 1/8 full-csize.

24r'rrr1'T111-|-
Transverse slep
af position (1)
Tronsverse sfep |
at position [2)
b — - —— 60" nofched step 4
R 5, ”
1 e S &
lirnt fdecreasing frim
}ther‘ .(, 13 Lh.qs-fable}
Lower imit
2 S

50 60
Speed, ps
Figure 10.- Effsct of position and plan form of step on trim limits
of stability. Model 6, 1/6 full-size. a,, 63.4 1b;
Cags 1.01.







\ 7

Figs. 11,12

T 1 ' 1

+ . + +
Transverse

20° swallow forl
J0* .

Upper limit |
W v e ] IO I 20°

Increasing swallow
o trim 1 fail =]
J .

",

{kcr?as;hg |
X trim i~
£ —— T e

Lower [limit~

} {
I [ |
0|_ 1 | | l 1
a0 30 50 &0
Speed, fps
Figure 11,- Effect of plan form of =tep on trim limits of stability.
Model 6, 1/5 full-size. A,, 63.4 lb; Cags 1.01.

£

0~% 25 30 ¥ 0

Soeeo, fos
Figure 12.- Effect of plan form of step on trim limits of stability.
Model 7, 1/8 full-size. 4,, 76.2 1b; Cags 1.0.




———
s e
) NACA Figs. 14,17
22l
1
20( T T T T T T 1 T T .1
. | vl R
e o o e Jmm_:,,srg,;gg ] o
A
o O o R Lpoer//mvf e bbj 1 -'
b+ 4 4 (:ncreas:nq fr/m) 9=.60" +—
2+ l ]
3
18 ) W
N a—t 4
— -
q4—+ -
Lower //rmf 50"

ol

1.
0
—t— T-) T i
| | M
20 30 40 50 60 70 80 90
Speeqa, fps

Figure 14.- Effect of ventilation on trim limite of stability. Model
6, 1/5 full-size. a4, 63.4 1lb; Cags 1.01.

Q
[

L T 7 B P 77 o 5 08 9

+525 1+ 6/6-———

RE \ 1 %Opercrenflbem o e

1 {Length of offerbody {Li| ]
(in, é (percent beam)

[+ G (o] ] [ —-3—5» Hi2 i
3 prer .-‘:m:r
- 8],_ I +teb A PEeY, T (I,
§ EE " Py 6
S

el U \ ¢
SF F\ L A |

| N Decreasing
A < i s trim
) R B \,\ 5 8 N
Lower limit
2 i e s i 3
| |
NEET | , l
20 25 30 35 40 45 80
Speed, fps

Figure 17.- Effect <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>